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Overview

The basic method uses Falcon 9 Heavy spacecraft to lift payloads to LEO orbit.
Materials that are not time critical are then lofted to L1 using electric propulsion
tugs similar in design to those discussed in references [1] and [2]. The payloads
are then assembled at L1 by crewmembers. This design would require a
separate launch system to move crew to L1 however, as the OTV transfer is too
slow to be feasible.

Impact to Future Exploration
This method of stellar exploration offers an incremental approach to exploration. For
nuclear propulsion methods, the station concept offers a way to reduce public
concern of radiation effects and the distance from Earth limits the impact from
exhaust particles on the planetary surface. This requirement would likely require a
manned mission constructed in LEO to use alternative propulsion, likely chemical, to
maneuver to a safe distance prior to switching propulsion systems. This would be
cost intensive due to the large mass of the concept vehicle, and would require that
the structure of the vehicle be sufficient to withstand the stresses exerted by the
propulsion system. The amount of fuel required by a chemical system to provide
3.77 kps of ΔV to a 100 ton spacecraft is shown in the table below. The launch costs
for all methods use Falcon 9 Heavy rockets to move payloads to LEO orbit. The
OTV/Station system then moves the payloads to L1 with the associated fuel penalty.
The chemical option constructs the spacecraft in LEO then propels the entire craft out
to L1 for propulsion ignition.
Two OTV designs were chosen to represent the L1 station system. OTV1 uses only
a single F9H launch to refuel the vehicle and provide the payload. OTV2 uses two
launches, either launching the fuel independently or allowing for a greater payload.
The base structure of either vehicle without payload or fuel is estimated to be less
than the maximum lift for a F9H rocket, allowing for a single build launch. The
positive of the OTV 2 is that it allows for more rapid deployment schedules, lifting
twice the payload per trip.
Comparison of OTV 1 and OTV 2
Total mass at LEO
(metric tons)

Useful Payload
(metric tons)

OTV 1

37.68

16.89

OTV 2

75.37

33.78

The creation of a station at L1 also would allow for unmanned exploration of the local
stellar environment with reusable probes that could be refueled and overhauled
between missions. For building stellar spacecraft, the station provides a incremental
step of building craft at a distance from earth, and the tested system will allow for a
single OTV shuttle to move sufficient material to L1 for a 100 ton craft in a single
year. This step also provides for testing of physiological and psychological reactions
to long duration missions away from near-Earth space.

Key Findings
Comparison of OTV and Chemical Systems
Launch Cost Payload-Fuel Ratio
(Billions)
mpayload / mfuel

Mass to L1
(tons/year)

OTV 1

0.875

1.76

101.35

OTV 2

1.625

1.76

202.70

Chemical

1.375

0.62

100.00

Both OTV designs can make 6 trips per year out to L1 and back. The
launch costs include 1 Falcon 9 Heavy launch to lift the main OTV bus to
orbit. Each launch of a F9H is valued at 125 million dollars. The
chemical system is evaluated lifting a completed 100 ton craft to L1
equivalent to ignite a fission/fusion propulsion system. The associated
costs may be reduced if a lower safety limit is validated.
The key benefit of a station at L1 for stellar exploration is the reduction in
mass brought further into a gravity well. Other than necessary fuel, food,
and parts, the rest of the spacecraft may remain at a higher potential,
reducing fuel costs and reducing the cost of additional missions.
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This project investigates the costs and savings involved with the construction of
a station at the Earth-Moon L1 point. This station is considered as a assembly
and refitting point for stellar missions, in particular missions to Mars. The station
would serve as living quarters for a crew to assemble stellar craft and to refit
and refuel the spacecraft in preparation for future missions. The basic
assumption made comparing this assembly process with LEO assembly is that a
chemical propulsion system would be required out to L1 equivalent distance
prior to ignition of a fission/fusion system.
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Explanation
The next step in space exploration will require larger designs that
will be impractical to launch from the surface as completed
spacecraft. The next generation of explorers are going to be
riding craft that were assembled in space, even if they were built
as modules on the ground. The construction of an L1 station as a
waypoint in space exploration is the next step forward and
prepares for the steps that will follow. This station and concept
allow for the testing of systems that will be essential for missions
to Mars and elsewhere, and will test the human element, asking
the questions of how people will react to long term exposure to
space further from the earth than anyone has stayed for
significant periods of time.
If such a station is built, it may in time be expanded into a true
gateway for humanity to reach further within the solar system and
eventually beyond.
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